Introduction {#Sec1}
============

In the past several decades, prednisolone has been the most reliable treatment for minimal change nephrotic syndrome (MCNS). However, long-term steroid therapy readily induces adverse drug reactions such as diabetes mellitus, gastric complications, infections, osteoporosis, and psychiatric symptoms, which may compromise the quality of life (QOL) of patients. Furthermore, long periods of hospitalization for the treatment of nephrotic syndrome decrease the QOL of these patients. Thus, the length of hospital stay (LOS) should be shortened, and this is also desirable for the treatment of nephrotic syndrome from the viewpoint of medical economics. Intravenous methylprednisolone pulse therapy (MPT) followed by oral prednisolone has more recently become one of the treatments for intractable MCNS \[[@CR1]\]. While this modality has been shown to improve remission rates, it still requires the long-term administration of a large amount of prednisolone.

Cyclosporine, an anti-T cell agent, has recently been considered as a more rational treatment than corticosteroids for MCNS, which is putatively associated with T cell abnormalities. Furthermore, cyclosporine acts not only as an anti-T cell agent, but also as a stabilizer for the actin cytoskeleton in kidney podocytes; therefore, it is beneficial for treating proteinuric kidney diseases \[[@CR2]\]. Many studies have consequently focused on the efficacy of cyclosporine and prednisolone combination therapy in the treatment of intractable nephrotic syndromes. However, the most effective treatment option has yet to be elucidated. Therefore, we conducted a retrospective study to evaluate the effectiveness and safety of the major regimens used as first-line treatments for new-onset MCNS.

Materials and methods {#Sec2}
=====================

Patient selection {#Sec3}
-----------------

Among patients with biopsy-proven new-onset MCNS admitted to our hospitals between 1996 and 2012, we selected patients who fulfilled the following criteria. First, they could be followed for at least 6 months after the initiation of treatment. Second, they had proteinuria in excess of 3.5 g/day and serum albumin concentrations of \<3.0 g/dl at the start of treatment. Third, MCNS was diagnosed pathologically by light microscopic findings, and confirmed by negative immunofluorescence and typical ultrastructural morphology. Fourth, patients were not treated with corticosteroids or cytotoxic agents. This study was approved by the IRB/Ethics Committee of Yokohama City University Medical Center (D-1309006).

Therapies and measurements {#Sec4}
--------------------------

Three groups were included in the present study and were listed in Table [1](#Tab1){ref-type="table"}. Pretreatment baseline parameters, including creatinine clearance, estimated glomerular filtration rate (eGFR), urinary protein excretion, serum total cholesterol concentration, serum albumin concentration, and serum hemoglobin concentration were measured. After discharge, blood pressure, urinary protein excretion, and serum creatinine levels were monitored on an outpatient basis every 2--4 weeks. The adverse effects of cyclosporine and prednisolone were monitored based on medical records. The selectivity index was calculated as the clearance of IgG divided by the clearance of transferrin. All patients were instructed to follow a low-sodium diet (5 g/day). Patients with marked edema were administered furosemide orally or intravenously, and few patients received intravenous albumin.Table 1Treatment groupsGroup 1Patients received cyclosporine (2--3 mg/kg/day) and intravenous methylprednisolone pulse therapy (0.5 or 1.0 g/day for 3 days), which were followed by the oral administration of prednisolone (initial doses 30 mg/day). The dose of cyclosporine was maintained at whole-blood trough levels between 50 and 150 ng/ml until the end of the first 6-month treatment periodGroup 2Patients received intravenous methylprednisolone pulse therapy (0.5 or 1.0 g/day for 3 days) followed by the oral administration of prednisolone (initial doses 0.4--0.8 mg/kg/day)Group 3Patients received oral prednisolone alone (initial doses 0.6--1.0 mg/kg/day)

Definitions of remission {#Sec5}
------------------------

The response of treatment in nephrotic syndrome was categorized as complete remission, partial remission, or no response. Complete remission was defined as a reduction in proteinuria to below 300 mg/day for three consecutive days. Partial remission was defined as proteinuria of over 300 mg/day, but below 3.5 g/day. No response was defined as proteinuria of more than 3.5 g/day. The relapse of nephrotic syndrome was defined as proteinuria in excess of 1 g/day that lasted for more than three consecutive days during the follow-up.

Assessment of clinical efficacy {#Sec6}
-------------------------------

The LOS after commencing the treatment to discharge, and to complete remission were evaluated as short-term effects. Long-term effects were assessed by the total amount of prednisolone, duration to achieve \<20 mg/day of prednisolone, and duration of sustained remission (defined as no relapse). Major adverse effects caused by steroids, including diabetes mellitus, peptic ulcers, infections, bone fractures, and psychiatric symptoms were recorded. These adverse effects were defined by the following criteria: diabetes mellitus; use of anti-diabetic medication, peptic ulcer; based on positive endoscopic findings, infection; requiring medication, bone fracture; induced by steroids including vertebra fracture and femoral neck fracture, psychiatric symptoms; requiring medication, and hypertension; systolic blood pressure \>140 mmHg, diastolic blood pressure \>90 mmHg or the initiation of antihypertensive medication.

Statistical analysis {#Sec7}
--------------------

Data are expressed as the mean ± standard deviation. Statistical analyses were performed using a one-way analysis of variance (ANOVA) followed by Tukey's post hoc test. Chi-squared tests were used for comparisons between categorical variables. Remission curves were evaluated by Kaplan--Meier method. A possible predictor of the LOS after the treatment, duration[s]{.ul} of remission, and major adverse effects were tested by multivariate analysis. Statistical analyses were performed using SPSS statistics 19 (IBM) or Stat-View J version 5.0 (SAS institute Inc). Values of *P* \< 0.05 were considered significant.

Results {#Sec8}
=======

Patient characteristics {#Sec9}
-----------------------

From 53 patients with MCNS identified in the initial screening, we selected 46 patients who fulfilled the inclusion criteria of this study and divided them into three groups according to the treatment regimen. The clinical characteristics of patients in the three groups are shown in Table [2](#Tab2){ref-type="table"}. No significant differences were observed in any of the parameters examined. The mean dose of cyclosporine required to maintain the whole-blood trough level between 50 and 150 ng/ml was 118 ± 30 mg/day (range 50 and 200 mg/day) during the first 6 months of treatment. The average doses of prednisolone initiated immediately after MPT were 30.0 ± 0.0 and 39.0 ± 6.3 mg/day in Groups 1 and 2, respectively. The initial dose of prednisolone in Group 3 was 47.9 ± 7.0 mg/day. The dose of prednisolone was tapered by 5--10 mg every 4--8 weeks. No significant differences were observed in the average doses of prednisolone at discharge among three groups (27.9 ± 3.6 mg/day in Group 1; 30.7 ± 4.6 mg/day in Group 2; 30.4 ± 1.3 mg/day in Group 3; *P* = 0.062).Table 2Patients characteristicsCharacteristicGroup 1 (*n* = 17)Group 2 (*n* = 15)Group 3 (*n* = 14)*P* valueAge at diagnosis (years)37 ± 1837 ± 1639 ± 190.949Sex (male:female)8:99:69:50.596Body mass index25.2 ± 5.123.7 ± 3.222.7 ± 3.40.247Selectivity index0.12 ± 0.050.13 ± 0.100.13 ± 0.050.890Systolic blood pressure (mmHg)119 ± 17120 ± 17122 ± 130.866Diastolic blood pressure (mmHg)73 ± 1178 ± 1174 ± 110.419Body weight (kg)67 ± 1765 ± 1363 ± 130.722Creatinine clearance (ml/min)88 ± 4288 ± 3491 ± 420.966eGFR (ml/min/1.73 m^2^)67 ± 2273 ± 2674 ± 250.899Urinary protein excretion (g/day)7.8 ± 3.911.3 ± 6.17.9 ± 4.50.095Total cholesterol (mg/dl)488 ± 194581 ± 284492 ± 1090.392Albumin (g/dl)1.6 ± 0.51.6 ± 0.62.0 ± 0.60.059Hemoglobin (g/dl)14.9 ± 1.715.2 ± 1.715.1 ± 2.50.933*eGFR* estimated glomerular filtration rate

Days of hospitalization {#Sec10}
-----------------------

The LOS after the start of therapy was the shortest in Group 1 and the longest in Group 3 (23.6 ± 5.1 days in Group 1; 43.2 ± 23.3 days in Group 2; 53.6 ± 17.6 days in Group 3, *P* \< 0.001 by ANOVA, Fig. [1](#Fig1){ref-type="fig"}a).Fig. 1Length of hospital stay (**a**) and days required to attain complete remission (**b**) after the start of therapy in the three groups

Durations of remission {#Sec11}
----------------------

All patients achieved complete remission at 10 weeks. No significant differences were observed in the mean durations to enter complete remission after the start of therapy among the three groups (14.6 ± 6.9 days in Group 1; 19.7 ± 16.8 days in Group 2; 18.2 ± 9.9 days in Group 3; *P* = 0.450 by ANOVA, Fig. [1](#Fig1){ref-type="fig"}b).

Total amount of prednisolone used {#Sec12}
---------------------------------

The total amount of prednisolone used after the start of therapy to 6 months was the smallest in Group 1 and highest in Group 3 (3,444 ± 559 mg in Group 1; 4,558 ± 1,251 mg in Group 2; 5,330 ± 1,333 mg in Group 3; *P* \< 0.001 by ANOVA, Fig. [2](#Fig2){ref-type="fig"}). The total amounts of oral prednisolone and methylprednisolone were similar in Groups 1 and 3 at 6 months.Fig. 2Total amount of prednisolone administered during therapy for 6 months in the three groups

Duration to achieve less than 20 mg/day of prednisolone {#Sec13}
-------------------------------------------------------

The mean duration to achieve \<20 mg/day of prednisolone after the start of therapy was the shortest in Group 1 and the longest in Group 3 (88.5 ± 28.0 days in Group 1; 124.5 ± 70.4 days in Group 2; 159.4 ± 96.0 days in Group 3, *P* = 0.026 by ANOVA, Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Days required to achieve \<20 mg/day of prednisolone after the start of therapy in the three groups

Relapse rate {#Sec14}
------------

Figure [4](#Fig4){ref-type="fig"} shows the duration of sustained remission analyzed by the life-table method. During a follow-up period of 9 months, Group 1 showed no relapse and maintained a remission rate of 100 %, whereas Groups 2 and 3 had remission rates of 85.7 and 69.2 %, respectively (*P* = 0.073). The estimated sustained remission rate at 24 months was 77 % in Group 1, 70 % in Group 2, and 49 % in Group 3 (*P* = 0.226).Fig. 4Duration of sustained remission in the three groups. The proportion of patients who remained in remission during the subsequent 24 months was calculated by the life-table method

Renal function {#Sec15}
--------------

No significant differences were observed in average serum creatinine levels between 6 months after the start of therapy and prior to the treatment in all groups (Group 1: 1.02 ± 0.48--0.83 ± 0.14 mg/dl, *P* = 0.135; Group 2: 0.97 ± 0.41--0.81 ± 0.23 mg/dl, *P* = 0.064; Group 3: 0.95 ± 0.31--0.82 ± 0.18 mg/dl, *P* = 0.120). Similarly, the average eGFR 6 months after the start of treatment was not significantly different from the pretreatment baseline level in all groups (Group 1: 70.0 ± 22.4--78.1 ± 17.1 ml/min/1.73 m^2^, *P* = 0.210; Group 2: 72.6 ± 26.2--79.3 ± 22.0 ml/min/1.73 m^2^, *P* = 0.083; Group 3: 73.9 ± 24.7--81.2 ± 31.3 ml/min/1.73 m^2^, *P* = 0.245). No patient in any group developed renal dysfunction.

Adverse effects {#Sec16}
---------------

The adverse effects observed during the 6 months following the start of therapy are summarized in Table [3](#Tab3){ref-type="table"}. The rates of steroid-induced major adverse effects were significantly lower (*P* = 0.042) in Group 1. The incidence of new-onset hypertension was 12.5 % (2/16) in Group 1, 7.7 % (1/13) in Group 2, and 8.3 % (1/12) in Group 3 6 months after the start of therapy with no significant difference (*P* = 0.851).Table 3Major adverse effects caused by prednisolone during the 6 months following the start of therapyAdverse effectsGroup 1 (*n* = 17)Group 2 (*n* = 15)Group 3 (*n* = 14)Diabetes mellitus033Peptic ulcer002Infection031Bone fracture001Psychiatric symptoms220

Medical costs {#Sec17}
-------------

Because the LOS was shortened, the total medical cost in Group 1 was significantly lower than that in Group 3 after the start of therapy to discharge (*P* \< 0.001).

Multivariate analysis {#Sec18}
---------------------

We assessed correlations using multivariate analysis. The independent determinants of the LOS after treatments were the selectivity index and the use of cyclosporine; and the independent determinants of the duration[s]{.ul} of remission were the selectivity index, eGFR, and the use of cyclosporine, as shown in Table [4](#Tab4){ref-type="table"}. The adverse effects were negatively associated with the use of cyclosporine (*P* = 0.001).Table 4Multivariate analysis to assess correlations with other variables in all subjectsVariableLOS after the treatmentDurations of remissionRegression coefficient*T* value*P* valueRegression coefficient*T* value*P* valueAge−0.069−0.5790.566−0.217−1.6830.101eGFR−0.249−1.9370.060−**0.483**−**3.4660.001**Urinary protein excretion−0.138−1.1440.260−0.1150.8780.386Serum albumin0.0490.3920.698−0.047−0.3450.732Selectivity index**0.3843.3740.0020.3773.0510.004**Use of cyclosporine−**0.607**−**5.803\<0.001**−**0.235**−**2.0690.045**Bold values are statistically significant*LOS* length of hospital stay, *eGFR* estimated glomerular filtration rate

Discussion {#Sec19}
==========

Although steroid therapy has been the standard treatment for MCNS, 30--70 % of patients with adult-onset MCNS treated with prednisolone monotherapy have frequent relapses and develop steroid dependence or resistance \[[@CR3], [@CR4]\]. MPT was subsequently established and shown to rapidly induce remission even in idiopathic steroid-resistant nephrotic syndrome (SRNS) \[[@CR5]\]. However, whether MPT followed by low-dose prednisolone therapy (0.5 mg/kg/day) is superior to high-dose prednisolone monotherapy (1 mg/kg/day) remains unclear \[[@CR1], [@CR6]\]. Another therapeutic regimen combining prednisolone with cyclosporine has more recently been examined in MCNS patients. Eguchi et al. \[[@CR7]\] showed that the co-administration of cyclosporine and prednisolone (0.8 mg/kg/day) to adult patients with the first relapse of MCNS significantly reduced the time to remission and allowed the prednisolone dose to be reduced more than that with prednisolone monotherapy (1.0 mg/kg/day). Matsumoto et al. \[[@CR8]\] demonstrated that cyclosporine (2--3 mg/kg/day) after MPT was not only advantageous for the rapid induction of complete remission, but was efficient for maintaining remission with little evidence of cyclosporine toxicity in adult patients with the relapse or the first episode of MCNS. Hamasaki et al. \[[@CR9]\] showed that cyclosporine in combination with prednisolone induced higher complete remission rates than prednisolone monotherapy in children with steroid-resistant MCNS or other types of nephrotic syndrome. Thus, cyclosporine combined with MPT may further improve clinical efficacy and safety.

According to the guidelines of KDIGO for glomerulonephritis, corticosteroids are recommended as an initial treatment of MCNS in adults with evidence level 1C \[[@CR10]\]. However, these treatments require long periods of hospitalization. As shown in our study, the mean LOS in Group 3 was 53.6 days. The long period of hospitalization has been shown to markedly reduce the QOL of the adult patients \[[@CR11]\]. On the other hand, the guidelines of KDIGO for glomerulonephritis and workshop recommendations for cyclosporine described the usefulness of cyclosporine in steroid-resistant MCNS \[[@CR10], [@CR12]\]. Cyclosporine was additionally used for the treatment of MCNS in order to induce sustained remission in some cases. Several other studies have suggested that the long-term maintenance treatment of MCNS with cyclosporine may be efficient and safe at least for a period of up to a few years \[[@CR13]\]. In the present study, we attempted to clarify whether cyclosporine combination therapy could lead to the rapid induction of remission and/or shorten hospitalization without severe adverse effects in MCNS adult patients. The administration of cyclosporine to children for the initial treatment of MCNS has been reported previously \[[@CR14]\]. However, few studies have been conducted on adults. Our results clearly showed the benefits of cyclosporine with prednisolone in shortening the LOS without increasing the rate of adverse effects. Furthermore, this treatment protocol decreased the amount of prednisolone used and medical costs. Multivariate analysis revealed that the durations of remission correlated with cyclosporine treatment, which indicated that the cyclosporine treatment has benefits in reducing the LOS and also partly shortening the periods to complete remission.

The incidence of refractory nephrotic syndrome is higher in the elderly, and MCNS accounts for \~10 % of all cases of nephrotic syndrome in this population. However, the characteristics of MCNS in the elderly have not yet been established \[[@CR15]\]. Older adult patients (\>50 years) and younger patients (18--50 years) with MCNS administered oral prednisolone (0.8 mg/kg/day) were shown to have similar steroid responsiveness, whereas older patients were at higher risk of acute kidney injury \[[@CR16], [@CR17]\]. Each of the three treatment groups in our study had 4 older patients (mean age; 64 vs. 60 vs. 65 years old in Groups 1, 2, and 3, respectively). The periods from the start of the therapy to complete remission were shorter due to the cyclosporine treatment (14.5 vs. 19.5 vs. 22.0 days). Adverse effects were observed in 25 % of Group 1, 75 % of Group 2, and 75 % of Group 3. Furthermore, no relapse was reported within 12 months in Group 1 only. Thus, the combination of cyclosporine and prednisolone with intravenous MPT was also effective and safe in older patients.

Serious adverse effects caused by long-term steroid therapy are unavoidable in the treatment of MCNS adult patients. In the present study, more oral prednisolone was administered to Groups 2 and 3 than to Group 1. The rate of adverse effects caused by corticosteroids was also higher in these two groups than in Group 1. Thus, the additional administration of cyclosporine should have steroid-sparing effects to minimize the adverse effects caused by steroids. Cyclosporine causes its own specific adverse effects, including nephrotoxicity, hypertension, hepatotoxicity, and encephalopathy. Cyclosporine nephrotoxicity has been shown to correlate with the duration of heavy proteinuria and cyclosporine doses \[[@CR18], [@CR19]\]. No significant differences were observed in the development of hypertension or changes in eGFR and serum creatinine levels among the three groups. The dose of cyclosporine in Group 1 that showed trough levels between 50 and 150 ng/ml was almost half of that recommended in renal transplantation \[[@CR20]\]. Thus, the lower doses of cyclosporine administered in this study may explain why cyclosporine caused minimum adverse effects and mild reductions in prednisolone doses.

MPT was used to improve the efficacy of the prednisolone treatment and decrease the adverse effects of prednisolone due to the lower doses administered as a maintenance therapy. The total amounts of oral prednisolone and methylprednisolone were similar in Groups 1 and 3 at 6 months. However, the rate of adverse effects in Group 1 was lower than that in Group 3 in the present study. The adverse effects of prednisolone have been associated with the oral dose and administration period of high doses of prednisolone. An equal or more than 20 mg oral dose of prednisolone has been identified as a risk factor for fractures, infections, and gastric ulcers \[[@CR21], [@CR22]\]. Thus, we further calculated and compared the administration periods of orally administered prednisolone of 20 mg and more in our study. The administration period of 20 mg/day or more of prednisolone was the shortest in Group 1. Under these conditions, we further analyzed relationships between adverse effects and various factors, including the use of cyclosporine. Multivariate analysis revealed that the independent determinants of adverse effects were negatively correlated with the usage of cyclosporine, only. Thus, cyclosporine treatments correlated with decreases in the rates of adverse effects.

Patients with MCNS typically stay for months in hospitals for their treatment. Medical expenses have always been a major issue for long-term hospitalization. There is very limited literature on the costs associated with SRNS in children and MCNS in adults. Colquitt et al. \[[@CR23]\] showed the cost-effectiveness of treatments for children with idiopathic SRNS. The results of the present study suggest that combination therapy with cyclosporine has the advantages of shortening hospitalization and reducing adverse effects. These benefits may contribute to reductions in medical expenses.

Our study has some limitations. First, the total number of patients was small in the retrospective study, which could be a source of selection bias. The treatment protocol for Group 1 is the latest treatment option, and we asked this treatment for all patients who met the study criteria. The treatment protocol for Group 2 and Group 3 were freely chosen by the doctor in charge. However, no significant differences were observed in baseline parameters among the three groups. Thus, selection bias may be minimal. Second, repeated kidney biopsies are required to evaluate renal function and adverse effects during long-term treatment. Third, edema in the intestine has been reported in patients with severe nephrotic syndrome, and this may decrease the absorption of drugs, including prednisolone \[[@CR24]\]. Thus, intravenous MPT was adopted as the treatment of choice. As the treatment benefits were limited in the intravenous MPT (Group 2) compared to the prednisolone monotherapy (Group 3) in the present study, we consider combined cyclosporine and oral prednisolone therapy without MPT might be a potential treatment for new-onset MCNS in adults.

In conclusion, cyclosporine combined with MPT and oral prednisolone shortened the LOS and decreased the total amount of prednisolone without severe adverse effects when used in patients with the first attack of adult-onset MCNS. Although no significant differences were observed in the days required for complete remission among the three groups, cyclosporine use was associated with the period to complete response in multivariate analysis, and relapse rates were slightly lower in Group 1 than in Group 3. Combination therapy with cyclosporine may be a useful treatment option currently available for new-onset MCNS in adults.
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